With the aging of the baby boomer population and their accompanying burden of disease, future disability rates are expected to increase. This paper summarizes the state of the evidence regarding physical activity and aging for individuals with mobility disability and proposes a healthy aging research agenda for this population. Using a previously published framework, we present evidence in order to compile research recommendations in four areas focusing on older adults with mobility disability: (1) prevalence of physical activity, (2) health benefits of physical activity, (3) correlates of physical activity participation, and, (4) promising physical activity intervention strategies. Overall, findings show a dearth of research examining physical activity health benefits, correlates (demographic, psychological, social, and built environment), and interventions among persons aging with mobility disability. Further research is warranted.
Introduction
Disability rates are expected to increase with the aging of the baby boomer population [1] . Indeed, recent National Health and Nutrition Examination Survey (NHANES) data suggest that for those 60-69 years old, the prevalence of disability in activities of daily living, instrumental activities of daily living, and mobility is increasing [1, 2] . The future burden could overwhelm healthcare systems, rehabilitation medicine clinics, and public health agencies. With the increase in an aging demographic, researchers are focusing on ways to prevent secondary conditions in aging persons. Physical activity is recognized as a behavior with strong positive effects on mental, physical, and cognitive health [3] . The benefit of increased physical activity across all age groups is substantial. Thus, efforts to promote physical activity among older adults with existing mobility disability could help prevent a large burden of secondary illness.
Although much physical activity research has focused on older adults who are free of disability and illness, the need still exists for a healthy aging research agenda specific to older adults with mobility disability for tertiary prevention purposes. Promoting healthy aging among people who already have mobility disabilities has been neglected. People with mobility disabilities may benefit from living in accordance with a healthy aging model that includes "the development and maintenance of optimal physical, mental, and social well-being and function" [4] . While the underlying mobility disability may not be reversible, general mental, physical, and cognitive health can be improved.
Prohaska et al. [5] set forth a framework revolving around four questions to help shape the public health research agenda on physical activity and aging. The purpose of this paper is to employ this framework to organize a research agenda for promoting physical activity among persons aging with mobility disability. The four topic areas 2 Journal of Aging Research we describe in this paper, based on the framework of Prohaska et al. [5] , are as follows:
(1) surveillance data on the prevalence of physical activity among older adults with mobility disability, (2) overview of the health benefits of physical activity and the consequences of sedentary behavior in older adults with mobility disability, (3) correlates and determinants of physical activity participation among older adults with mobility disability, (4) promising intervention approaches for promoting physical activity in older populations with mobility disability.
While there are many categories of disability including mobility, sensory, intellectual, cognitive, or emotional disabilities [6, 7] , in the current paper we focus on mobility disability. Mobility disability in this paper is defined by Patla and Shumway-Cook [8] as occurring "when impairments in mobility restrict the ability of individuals to move about in their natural environment in order to carry out activities essential to daily life."
The International Classification of Function (ICF) framework broadly defines health conditions that can lead to body functions and structure, activity, and participation alterations as "diseases, disorders, injuries, aging, and congenital anomaly" [9] . Therefore, while we use specific examples, we consider mobility disability to be caused by many different factors. Thus, individuals may be born with or develop mobility disability early in life and are aging with this condition. In addition, as people age, chronic diseases such as cardiovascular disease, diabetes, stroke, and arthritis can lead to mobility disability. Finally, mobility disability can be caused by a single, identifiable condition such as multiple sclerosis (MS) or a trauma which resulted in spinal cord injury (SCI) [8] but can also be compounded by development of other chronic diseases found in the general aging population [10] .
Regardless of the etiology, there is a need to address physical activity promotion for those with any type of condition that leads to mobility disability. We include in this review both persons aging with specific disabling conditions, such as MS, and those with more general conditions (e.g., frailty or decreased ability to walk due to arthritis or diabetes) that result in mobility disabilities. Although we focus on persons with mobility disability, where data are lacking or when definitions are unclear, we will discuss research in the broader populations of persons with any type of disability.
Methods
To shape a research agenda on physical activity among persons aging with mobility disabilities, we conducted a scoping review. A scoping review was selected instead of a systematic review because the purpose of our investigation was to summarize research on a broad topic area and identify research gaps in an area that has not been reviewed before [11] . It was not deemed appropriate to limit our inclusion of studies nor to assess studies for quality as is required for a systematic review. To conduct our scoping review, we selected literature from the fields of public health and rehabilitation medicine which included evidence-based review articles, nationwide data systems, and landmark studies where reviews were lacking. Criteria for including studies were determined after review of the literature and was based on best fit to provide a broad background and to reflect the most current research on physical activity and mobility disability. Searches were conducted in PubMed using various key terms depending on the topic area. Key search terms for capturing populations with mobility disabilities included "mobility disability," "mobility limitation," and "mobility impairment" as well as terms for various chronic illnesses that can lead to mobility disability (e.g., stroke, multiple sclerosis, arthritis). We also used reference lists of review articles to find additional sources. Several well-known government reports were also included (e.g., Physical Activity Guidelines for Americans 2008, Institute of Medicine report on the Future of Disability in America).
Findings

Prevalence of Physical Activity among Populations Aging with Mobility Disabilities.
Measuring the prevalence of physical activity among those with mobility disability presents several difficulties. Definitions and criteria for mobility disability are based on various indicators. People can selfidentify as having a mobility disability, they may have a diagnosable condition that causes mobility disability, or they may have specific activity limitations which are considered to be related to mobility disability [12, 13] . There are little data available describing the prevalence of disability, particularly in the younger aging groups [14] . Recently published data suggest that "mobility difficulties," based on self-reports of ability to walk 1/4 mile, walk up 10 steps, stand or sit for 2 hours, and standing, bending, or kneeling without using special equipment, increased among all age groups over the 8-year period between 1998 and 2006 [14] . Another study estimated the prevalence of "mobility impairment" among Medicare beneficiaries over 65 years old [15] . In the study, mobility impairment was based on responses to questions about walking ability and function including difficulty walking 2 or 3 blocks, obtaining help for walking from another person, or using assistive devices to walk. Difficulty was based on a hierarchy in which people were classified as having mild, moderate, or severe mobility limitations. Nonwalkers were classified separately. The total number of those with mobility impairments in 2001 was 14.1 million [15] . Out of these, 9.5 million had mild mobility impairment, and 1.2 million had severe mobility impairment. Overall, 28.3% of Medicare beneficiaries had moderate to severe functional impairments [16] . The causes of mobility disability are diverse and span a variety of health conditions. Mobility disability has been highest for those with musculoskeletal diseases followed by neurological disorders, heart diseases, lung diseases, diabetes, and cancer [2, 17] . Additionally, mobility disability due to high body mass index (BMI), which stresses joints resulting in obesityrelated mobility disability, is on the rise with 42.2% of persons with obesity reporting functional impairment in the National Health and Nutrition Examination Surveys [18, 19] .
Regarding the prevalence of physical activity in persons aging with mobility disability, little is known about their physical activity patterns, and no specific population based information exists on the percent of people with mobility disability who meet the physical activity guidelines. Instead, there are data sources describing rates of physical activity among the general population with any type of disability. The 2008 Physical Activity Guidelines recommend that persons with disabilities meet the same guidelines as for healthy adults or do as much as they are able and avoid being inactive [20] . Healthy People 2020 includes an objective to increase the number of older adults with physical or cognitive function limitations who engage in any intensity of leisure time physical activity [16] . Data from the National Health Interview Survey indicated that 33.7% of older adults with physical or cognitive function limitations engaged in light, moderate, or vigorous intensity activity [16] . The goal is to increase the proportion to 37.1%. A different source of data, the Behavioral Risk Factor Surveillance System, demonstrated that fewer persons with disabilities meet physical activity guidelines (37.7% among those with disabilities compared to 49.4% among those without disabilities in this dataset) [21] . Similarly, data from the Healthy People 2010 database showed higher rates of engaging in no leisure time physical activity for people with disabilities (54%) compared to those without (32%) in 2008 [22] . For those with coronary heart disease (CHD), rates of attending cardiac rehabilitation are low and drop after completion [23] . While data sources vary, it is clear that at a population level, persons with disabilities are less active than those without.
Another way of viewing discrepancies in physical activity levels between those with and without chronic conditions is through Tudor-Locke's review of expected pedometer steps/day for persons with chronic illnesses and disabilities [24] . The researchers found that the median steps/day values were as follows: 5,887 (waist mounted) and 6,006 (ankle worn) for persons with neuromuscular diseases, 4,086 (waist mounted) for persons with arthritis, 4,695 (ankle worn) for persons with post-stroke chronic hemiparesis, and 6,515 (ankle worn) for persons with intermittent claudication. The values for those with chronic conditions were lower than those for otherwise healthy adults who typically obtain between 7,000 and 13,000 steps/day [24] . Regardless of the data source and definition used, the discrepancy in physical activity levels between those with and without various types of mobility disability appears to be consistent and has also been shown among those with SCI [25] , arthritis [26, 27] , heart disease [23] , and MS [28] .
Understanding physical activity patterns in individuals with mobility disability is complicated by the frequent use of single time point estimates. For example, research has shown that during inpatient rehabilitation, duration of dynamic activities increases over time, but shortly after discharge this decreases. In one study of SCI inpatients, activity duration decreased by 33% postdischarge [29] . In addition, health problems, such as illness, progression of disease, pain, and fatigue, can cause fluctuations in physical activity patterns. Longitudinal studies of physical activity patterns are needed to better assess the potential nuances among those aging with mobility disability and to help build interventions that address such differences.
Measurement of Physical Activity.
Another difficulty in tracking physical activity among persons with mobility disability, whether for surveillance or in research trials, is the lack of validated measures for assessing physical activity in persons with mobility disability. It is important to use measures that capture lower intensity activities, which may be more common among persons aging with mobility disability, that include the use of assistive devices to ambulate and that can be administered in a variety of formats (e.g., interviewer administered by phone) [30] . Several self-reported measures of physical activity have been developed for use among persons with disabilities, which could include those with mobility disabilities [30] . These include the Physical Activity and Disability Survey [31] , Physical Activity Recall Assessment for People with Spinal Cord Injury [32] , and Physical Activity Scale for Individuals with Physical Disabilities [33] . There are also measures that have been developed for use among older adults including the Community Healthy Activities Model Program for Seniors (CHAMPS) [34] , Physical Activity Scale for the Elderly [35] , and Yale Physical Activity Survey [36] . Measures that assess physical activity for aging persons with mobility disabilities are lacking. A review of each measure and its validity evidence is beyond the scope of this paper, but more research on these self-report measures, including which perform the best for people aging with mobility disability, is needed.
In the rehabilitation medicine literature, rather than measuring the physical activities that a person engages in, it is more common to assess ability to independently perform activities of daily living and measures of more distal outcomes such as community integration. The problem is that even if someone is able to do an activity (e.g., walk 1/4 mile), this does not mean that they regularly do that activity (e.g., they may spend a half-hour walking each day or they may never spend time walking). Future opportunities that would enhance a rehabilitation medicine-public health collaboration could include measures that assess both functional capacity and ability, as well as regular physical activity that individuals regularly undertake. Dimensions of physical activity should include the types, duration, frequency, and intensity of the physical activities in which people with disabilities engage [30] .
Objective measures of physical activity, such as pedometers and accelerometers, can detect all types of activity. However, these monitors are typically worn on the waist and were developed to measure lower extremity movement so may miss activities done by persons in wheelchairs, including upper body activity or users of assistive devices [37] . Some pedometers use accelerometer-type mechanisms that may make them more accurate in populations with gait problems but more commonly spring-levered pedometers are used, and these may not be accurate in those with mobility disability [38, 39] . The Step Watch Activity Monitor is worn on the ankle and has been shown to be more sensitive for those with slow or abnormal gait patterns [30, 40, 41] .
Research supports the use of waist-worn accelerometers in populations with MS [42] . Some researchers have used wrist-worn accelerometers to capture upper-body movement in populations with spinal cord injury [30] . However, the equations used to determine the intensity of activity with accelerometers are based on healthy adults and may not be valid to use for older adults and those with mobility disabilities who move differently and often use assistive devices [30] .
Activity and participation have also been assessed in persons with disability using newer technologies. The Participation and Activity Measurement System integrates selfreported data with wheel revolution counters, seat sensors, and GPS to capture activity data for people using wheelchairs [43] . Such systems could be adapted and applied to older adults who use walkers or other assistive devices. Other researchers are developing systems that integrate data from GPS and accelerometers in populations of older adults and those with disabilities (Physical Activity Location Measurement System [44] ; Movement and Activity in Physical Space (MAPS) score [45] ). The home is a setting where technology may be helpful in measuring physical activity objectively. Sensors are being developed that can be installed in homes to assess activity patterns within the home [46] .
Additional research on the measurement of physical activity for populations aging with mobility disability is needed on several fronts. One is that it is imperative to include measures of physical activity in studies of persons aging with mobility disabilities. Another is that determining the best objective and self-reported measures of physical activity for individuals aging with mobility disability will be important. Integrating measures of functioning and physical activity could be an improved measurement approach. Further examination of the equations used to derive energy expenditure for persons aging with mobility disability is also needed. The use of newer technologies, such as GPS and home sensors, to examine physical activity patterns holds promise.
Health Benefits of Physical Activity for Older Adults
with Mobility Impairment. Improving physical activity in an aging population helps to prevent mobility disability. Much of the research conducted in this area excludes those that already have mobility disability [47] . For persons who already have a disability, adopting a physically active lifestyle can help prevent or control secondary conditions as well as further declines in functioning and further loss of mobility. Because persons with mobility disability are at higher risk for secondary conditions that physical activity can prevent, adopting a physically active lifestyle could potentially result in greater health benefits among persons with disability [48] . For example, among persons with spinal cord injury, cardiovascular disease has replaced urinary complications as the leading cause of death [10] .
Health Benefits.
Generally, the health benefits of an active lifestyle among persons with disabilities appear to be similar to populations without disability. Research conducted on individuals with disability has shown physical activity to positively affect hypertension, manage cardiovascular disease and osteoarthritis, and reduce spasticity [47, 49, 50] . There is moderate evidence that physical activity reduces secondary conditions prevalent in persons with mobility disabilities, including pain and fatigue [20] . Mortality in people with CHD is related to low fitness [23] .
Due to a lack of studies, evidence is limited that physical activity improves healthy weight and metabolic health among persons with mobility disabilities. There is some evidence that physical activity improves weight and metabolic factors among persons with SCI [51] and arthritis [52] . One difficulty in examining relationships between physical activity and weight among persons with disabilities is that BMI is not always obtained or BMI calculations are not straightforward (e.g., persons with amputations where the weight of the missing limb must be accounted for to determine current BMI). Few studies have collected weight status or BMI information and physical activity data among populations with mobility disability.
Physical Functioning Benefits.
Research conducted on individuals with disability has shown physical activity to increase overall fitness and prevent functional decline [47, 49, 50] . In particular, research suggests moderate to strong evidence that aerobic exercise improves cardiorespiratory fitness in persons with lower limb loss, MS, stroke, and SCI, and walking speed and distance in persons with stroke and MS [3] . Exercise also was noted to improve physical function and delay disability among those with osteoarthritis and rheumatic conditions [3] . There is moderately strong evidence that resistance training improves muscular strength in persons with stroke, MS, and SCI [3] . Motl recently reviewed studies on MS and physical activity showing that exercise training improved walking mobility with a weighted mean effect size of (.19), similar to that of medical interventions [53] . A Cochrane review of physical fitness interventions for stroke found that cardiorespiratory interventions that included walking resulted in improved walking speed, endurance, and reduced dependence while walking [54] . Another review found that physical rehabilitation programs were effective in improving physical state, including functioning with ADLs, flexibility, and strengthening [55] .
Mental Health Benefits.
Research conducted on individuals with disability has shown physical activity to improve quality of life and reduce depression [3, 47, 49, 50] .
Cognitive Health Benefits.
Research shows that exercise interventions can improve cognitive functioning among people with existing mild cognitive impairment [56] . A promising avenue of future research is to examine whether exercise interventions can improve cognitive function among persons with mobility disability who are at risk for cognitive impairments as they age, such as those with MS. There is Journal of Aging Research 5 some cross-sectional evidence that people with MS who are more active report fewer cognitive deficits [57] .
Other Findings. The committee report from the 2008
Physical Activity Guidelines [3] summarized evidence for the health benefits of exercise for persons with disabilities. A main finding was that physical activity is safe and effective for people with disabilities. Few adverse outcomes were reported. The report concluded that research evidence is lacking regarding: (1) the dose of physical activity needed to confer health benefits, and (2) longitudinal studies on the health benefits of physical activity among persons with a variety of disabling health conditions.
An understudied area of concern is the health effects of prolonged sedentary behavior in persons aging with mobility disabilities. Even when adults meet physical activity guidelines, sitting for prolonged periods can compromise metabolic health. Television time, even after adjustment for physical activity, is independently associated with increased risk for obesity, type 2 diabetes, CVD mortality, and all-cause mortality [58, 59] . This has not been studied among populations with disability. Further evidence of the relationship between television watching and health outcomes among persons with disabilities is needed. There is evidence that adults over 60 spend more time watching television than other age groups [60, 61] . Greater television use was related to lower life satisfaction among older adults in one study [60] .
Overall, there is a dearth of research on the health benefits of physical activity among persons aging with mobility disabilities. Larger studies, focusing on specific diseases (e.g., MS) and cross-cutting conditions (e.g., mobility disability related to cardiovascular disease, diabetes, etc.), can better elucidate the health benefits of physical activity. Additionally, more focus on the health effects of light intensity activities [62] and their relationship to health outcomes is needed among those aging with mobility disability. More research is needed on specific health benefits of physical activity, which are under-examined among persons aging with mobility disability and may show promising relationships (e.g., variables such as weight status, progression of illness, mental health, and cognitive functioning).
Factors That Influence Participation in Regular Physical
Activity. Few cross-cutting studies address correlates of physical activity among people aging with mobility disability. We discuss the studies that have examined the demographic, physical health, psychological, social, and built environment variables that are correlated with physical activity among various groups with mobility disability.
Demographic
Correlates. Sociodemographic correlates of physical activity have been understudied among persons with disabilities. Younger age has been related to less physical activity among people with SCI [25] . People with MS have been shown to be less active if they had a disability pension and children to care for [63] . Among people with arthritis, relationships with sociodemographic variables have been inconsistent or nonexistent [64, 65] . Among those with CHD, age, BMI, education, income, and insurance coverage were not related to physical activity while being Caucasian, male, and employed were associated with higher levels of exercise [23] . The lack of studies may be due to the use of study samples that are not diverse with respect to various sociodemographic indicators.
Physical Health Correlates.
Common health-related correlates include pain and fatigue for those with SCI (shoulder pain; [66] ), MS [67] , arthritis [64] , and stroke (fatigue [68] ). Among people with SCI, independent predictors of greater physical activity were less time since injury, being a manual wheelchair user, and having motor complete paraplegia [25] . Predictors of greater physical activity in people with MS were less severe disease [63] and less difficulty walking [69, 70] . Controlling for disease severity, greater MS-related symptoms predicted less physical activity cross-sectionally [69] and longitudinally over a three-to five-year period [70] . In one study, the relationship between greater symptoms and lower physical activity was through greater fatigue [71] . Illness-related barriers limited physical activity in a sample of women with arthritis and included pain, stiffness, and arthritis limitations on the body's ability to do activity [72] . In a different sample of persons with arthritis, those who were more active had fewer medical comorbidities and less obesity [52] . Arthritis, fatigue, and discomfort were the largest barriers to exercise among the total sample but affected those with lower physical activity levels more [52] . In an arthritis physical activity program, disease exacerbations were a barrier to exercise [73] . High rates of fatigue impacted participants with COPD undergoing pulmonary rehabilitation [74] . In those with CHD, higher functional status and better health status including fewer comorbidities and less severe illness were related to higher levels of physical activity [23] .
Psychological
Correlates. There are several common psychological correlates of exercise. Higher self-efficacy has been related to higher physical activity among people with SCI [75] , MS [28] , arthritis [52, 64] , CHD [23] , and diabetes [76] . Exercise enjoyment, outcome expections, and sense of personal accomplishment have been found to be related to more physical activity among those with MS [28, 77] . The benefits of exercise and positive attitudes were found to be related to more PA among persons with arthritis [64] . Higher previous physical activity level, greater intentions to exercise, positive attitudes, and benefits were related to more exercise in CHD [23] . Emotional distress including depression has been an important barrier to exercise among persons with SCI [78] , MS [67] , stroke [68] , CHD [23] , and arthritis [64] . Physical exertion was the greatest barrier to physical activity among both exercisers and nonexercisers with MS [79] . Other barriers that have been cited among older adults with functional limitations or physical disabilities include mistaken beliefs that exercise must be vigorous and uncomfortable to afford health benefits [80] . Barriers to exercise in persons with arthritis have included time constraints, boredom, lack of knowledge, and lack of motivation [64] .
Social Correlates.
Social isolation has been shown to be a barrier to physical activity among persons with stroke [68] . Encouragement to be active from others, including family, friends, and medical providers, has been related to physical activity in persons with arthritis [52, 64] . More social support resulted in higher exercise during and after cardiac rehabilitation for those with CHD [23] .
Environmental
Correlates. The ICF framework states that the environmental context includes products and technology, natural environment and human-made changes, support and relationships, attitudes, and services, systems, and policies [7] . The built environment, including humanmade structures (e.g., sidewalks, street crossings) in cities, landscapes, and buildings [81] , may be particularly important in shaping physical activity as those with existing impairments can become more disabled by limiting conditions in the built environment [82, 83] .
Research on built environment features shows that having access to public transportation is important for promoting recreational physical activity among those with physical disabilities [84] , MS [85] , CHD [23] , and knee osteoarthritis [86] . Having low-cost programs has been shown to be important for those with physical disabilities [84] , MS [85] , CHD [23] , and arthritis [64, 72] . Additional important built environment variables are having convenient access to destinations and fitness programs for physical activity [64] . Studies have shown that destinations and accessibility are important for promoting physical activity. Specifically, destinations for those with MS [85] , arthritisspecific exercise programs at local fitness facilities as well as parks and trails among women with arthritis [72] , parks and walking areas for those at high risk or who had knee osteoarthritis [86] , distance and accessibility of cardiac rehabilitation programs for those with CHD [23] , and accessibility to stores and buildings among people with SCI [78] . Specific built environment barriers to exercise have included weather, poor sidewalk conditions, lack of streetlights, and safety concerns among women with arthritis [64, 72] . Weather was not associated with exercise in people with CHD undergoing cardiac rehabilitation [23] . Crime rates have been associated with lower physical activity among persons with SCI [87] . Additional environmental barriers to physical activity among persons with physical disabilities include lack of curb cuts, inaccessible access routes, narrow doorways, slippery floors, lack of handrails on stairs, lack of adaptive or accessible equipment in fitness facilities, lack of information on facilities and programs that are accessible, and unfriendly environments at fitness facilities [84] .
There are few studies that measure both the environmental context for physical activity and physical activity levels among persons with disabilities. Few detailed selfreported measures of the built environment are validated for use among those with disabilities. Some have related environmental features to participation, activity ability, and quality of life among persons with SCI [88] and general rehabilitation populations [89] . Relationships were observed between home and community environment and participation as well as quality of life. One study suggested that over time the relationships diminish as people adapt to or modify their environment [89] .
One methodologic issue in these studies is that many built environment features (e.g., walkability, transit access, nearby destinations) are expected to more highly relate to active transport (e.g., walking or wheeling to get to useful destinations like stores or a bank) rather than the more commonly studied recreational physical activity (e.g., walking or wheeling for leisure) [90] . Features expected to be more related to recreational physical activity include aesthetics and traffic safety. Studies to date have not examined relationships of these specific types of physical activity and built environment features in persons with mobility disabilities.
Environmental avoidance can also affect mobility among persons aging with disabilities [91] . Fear of going outdoors can interact with the local built environment features in ways that further inhibit activity (e.g., barriers in the built environment) [92] or help people overcome their fears (e.g., presence of facilitators in the built environment). The importance of addressing multiple levels of influence on physical activity in future studies is highlighted by these results.
More research is needed describing individual, psychological, social, and built environment correlates of physical activity among persons aging with mobility disability. Perhaps one reason for the dearth of research in these areas relates to the focus of medical rehabilitation on remediation of physical impairments and regaining the ability to carry out activities of daily living, a focus that is largely driven by insurance reimbursement. Outcomes measurement in rehabilitation has reached beyond measuring impairment and disability to encompass environmental determinants of societal participation. However, it is telling that measures of environmental factors within rehabilitation, such as the Craig Hospital Inventory of Environmental Factors, have not been widely used [93] . Medical rehabilitation research has also been limited by an over-emphasis on individual and condition-specific levels of analysis rather than on population-based perspectives and issues that transcend disability types, such as problems attributable to inactivity and sedentary behaviors. This is understandable given that rehabilitation often deals with complex and relatively rare conditions such as spinal cord injury and multiple sclerosis. Increased awareness of environmental barriers to mobility with the aging of the population and renewed interest in the health benefits of physical activity may benefit disability populations indirectly through policy changes and research on universal health promoting activities.
While research on physical activity is increasing among populations with disability, particularly those with MS, there are many cross-cutting conditions (e.g., mobility disability) and specific conditions (e.g., spinal cord injury) that are understudied in terms of physical activity correlates and determinants. Correlates of physical activity among persons with mobility disability may include a combination of general barriers faced by the general population (e.g., lack of time) and barriers specific to the condition or disability (e.g., arthritis-related pain). Among those with Journal of Aging Research 7 the various disabilities described, common correlates include pain, fatigue, depression, and self-efficacy. Some research suggests that mental health and built environment variables are related to physical activity but more data are needed, and interventions will need to target these barriers.
Interventions and Policies to Promote Physical Activity in
Older Adults with Mobility Impairments. Interventions can target individuals, either one-on-one or in group settings, to promote changes. Another intervention approach, however, is to change the built environment and create policies to make healthy choices, including active living, the default option (e.g., walking to the store rather than driving there) [94] . We briefly review current research on each of these areas.
Individually Focused Physical Activity Interventions.
Maximizing mobility in older adults has been the focus of multiple intervention projects. Much of the focus has been on preventing mobility disability in otherwise healthy older adults (e.g., [95] ). However, some interventions have been specifically developed to increase physical activity among those who have mobility disabilities.
The research that has been done among older adults with chronic disease or low fitness has indicated that multicomponent programs (including endurance, strength, flexibility, and balance) focusing on physical activity only (versus multiple behavior targets such as activity, nutrition, and medication), building exercise slowly over time, and using behavior change principles (e.g., social support, health contracts, self-monitoring, goal-setting) help promote physical activity [96] [97] [98] [99] [100] . Effective physical activity programs among older adults target moderate intensity activities, are inexpensive, are convenient [80] , can be done independently though with some instruction [101] , and are tailored [102] . For women, particularly, inclusion of a social component can be important [80] . It is likely for older adults with mobility disability that these program characteristics are also important although there may be differences due to the higher rates of illness, pain, fatigue, and depression among those with mobility disabilities.
Rimmer and colleagues conducted a review of exercise interventions specifically for individuals under age 65 with physical and cognitive disability [6] . MS and stroke were the most common conditions studied. The 32 randomized controlled trials involved aerobic, strength, or combined exercise but no two trials offered the same dose across 11 different disability groups, making comparison difficult. The primary outcomes were functional, musculoskeletal, cardiorespiratory, mental, and metabolic health. Although many of the exercise trials showed positive benefits, the lack of replication and often small sample size makes conclusions difficult. The authors suggest that exercise interventions need to be developed that focus on groups with the same functional impairment or activity limitation (e.g., inability to walk) and varied doses of exercise [6] .
It can be difficult to evaluate whether exercise interventions result in increases in exercise. Motl's review of studies on MS and physical activity showed the largest effect sizes were for studies with supervised exercise and shorter duration programs [103] . Petter et al.'s review on physical activity programs for CHD showed that exercise levels did not vary whether the program was home or hospital based [23] . Several limitations of the rehabilitation research literature are (1) lack of measurement of physical activity and (2) use of time-limited structured programs such that the benefits likely end when the programs stop. Studies are needed that focus on improving lifestyle activity and participation in on-going exercise programs that can be maintained once research ends.
Barriers to activity can be much higher than for populations without disabilities, stemming from both increased internal struggles (e.g., motivation, pain, depression) and environmental constraints (e.g., lack of access to exercise facilities). Strategies to improve self-efficacy for continuing to exercise as well as self-efficacy to overcome barriers to exercise (symptoms, social environment, and physical environment) may merit specific attention in trials to promote physical activity in people with MS and other mobility disabilities [104, 105] . Social support has been identified as an important component of adapting to chronic conditions [89] and could be a means for encouraging a physically active lifestyle.
Pacing of activity may be important to promoting physical activity among persons aging with mobility disability. Brawley et al. noted that in one large intervention for knee osteoarthritis, those who exercised more often but for shorter durations per session had less pain and better ADL performance than those who did more exercise [80] . This suggests that for persons with disabilities, doing shorter bouts of exercise regularly could be more beneficial than pushing oneself to do more at one time. Additionally, the physical activity guidelines state that activity can be accumulated with three 10-minute bouts throughout the day and health benefits can still occur [20] .
An important issue is assuring older participants of the safety of exercise. Older adults or those with mobility disability may not believe that exercise is safe for them or they may not consider activities they can do (e.g., slow walking with an assistive device) a valid form of exercise [80] . Risk of falls and fear of falling need to be addressed via education and specific intervention targets. Additionally, falls prevention among people aging with mobility disabilities is important due to higher rates of falls among those with disabilities [106] . Fall rates for those with disabilities may be twice the rate of community-dwelling older adults [106] . A potential cause and consequence of falls is activity restriction which can lead to a decrease in quality of life [106] . Physical activities consisting of balance training, strengthening exercises, and gait training are important elements of falls prevention programs. However, there are few falls prevention interventions geared towards those with mobility disabilities [106] . Programs developed in the general aging population, such as Matter of Balance and Stepping On, could be tested to determine whether they are effective for persons with mobility disabilities [106] . Some attempts at modifying fall prevention programs for populations with disability, such as stroke, have begun [107] . A review of interventions 8 Journal of Aging Research to prevent falls in those aged ≥80 found that the most cost effective intervention included strength and balance retraining [108] .
Evidence-based physical activity programs do exist for some populations of adults aging with mobility disability. The EnhanceFitness program, for example, has been offered to adults over age 65 in community-based settings, and many participants have chronic illnesses that make them susceptible to disability [109] . The program promotes social support for a healthier lifestyle and involves supervised moderate intensity aerobic exercise, strength training, and flexibility and balance training. Involvement in the program was found to decrease health care costs over the long term [109] . Fit and Strong is an evidence-based program for people with arthritis consisting of 8 weeks of aerobic, flexibility, and resistance training exercises. Because maintenance of physical activity is a problem when structured programs end, Fit and Strong tested the use of a maintenance contract plan according to individual preferences and telephone contacts twice monthly for months 3 through 6 and monthly between months 7 and 18 [110] . This approach was shown to promote physical activity, decrease lower extremity pain, stiffness, improve function, and improve strength and aerobic capacity as well as decrease depression at 18 months [110] . For those with arthritis, other evidence-based programs include the Arthritis Foundation Aquatic Program [111] , People with Arthritis Can Exercise (PACE) [73] , and Walk with Ease [112] . A problem is that participation in such structured programs has been noted to be low, around 1% of the target population in one instance [73] . Several reasons why people may not attend such programs are lack of interest in groupbased exercise programs, inability to access programs due to transportation and lack of knowledge the programs are offered in close proximity to ones' residence. Improving the reach of such programs and expanding them to include those with various types of mobility disability should be a target.
The Chronic Disease Self-Management Program is an empirically supported program teaching self-confidence to manage chronic conditions for those with hypertension, arthritis, heart disease, stroke, lung disease, and diabetes [113] . Exercise is one component of the program and has been shown to improve for those that participate. While those with mobility disabilities could be included in such programs, further translating this type of approach for those specifically with diverse types of mobility disabilities could be a promising strategy.
Some studies have sought to provide cognitive-behavioral self-regulation skills to aid participants' transitions from rehabilitation to independent lifestyle activity [80] . Programs comparing facility-based programs to home-based independent exercise programs have shown no difference in improvements in functional capacity, suggesting that a lifestyle, home-based approach can be as effective as facilitybased treatments. Lifestyle physical activity programs, which incorporate routine activity as part of usual life, may be more acceptable to a larger population [114] . Some researchers are beginning to investigate the utility of such approaches [114] .
Notably, while Internet-based and technology-based interventions are becoming increasingly popular to use among many populations [115] , including some with chronic illness (e.g., diabetes [116] ), these approaches are under-studied among persons aging with mobility disability. Exergame (i.e., active video games) interventions are being used for rehabilitation purposes [117] , including balance training [118] and upper limb strengthening among persons with stroke [119] , but have not been empirically tested as a physical activity promotion tool among persons aging with mobility disability. Virtual reality and exergames are promising because they can promote social engagement as well as improvements in mental health, cognitive health, specific rehabilitation needs, and physical activity [120, 121] . Additionally, interventions to decrease sedentary behaviors such as television viewing among persons with mobility disability are nonexistent.
In sum, based on evidence with older and less active populations and those with general disabilities, programs for those with mobility disability will likely need to target multiple components. To address risk of falls, lifestyle physical activity interventions may not be enough and specific exercises to improve strength and balance may be needed. In this case, structured, community-based exercise programs are needed for people aging with various types of mobility disability. However, issues such as pain, fatigue, and depression may make it more difficult to engage persons with mobility disability in such programs. Therefore, promoting low-intensity, unstructured, lifestyle activity, although underutilized, may be a viable strategy among individuals with mobility disability coping with barriers to moderate to vigorous activities. Researchers need to focus on participation in community-based programs as well as lifestyle activity changes and decreased sedentary behavior.
Environmental and Policy Interventions.
Intervention approaches to physical activity recommended by the Guide to Community Preventive Services include enhanced access to places for physical activity combined with informational outreach, community-scale urban design, and street-scale urban design (e.g., street crossings, traffic calming, sidewalks) [122] . Research now acknowledges the effect of the built environment on persons with mobility disability [123] , but no intervention research focuses on addressing the neighborhood built environment barriers among persons with disabilities. Yet, to promote healthy aging, it is important that environments and communities support the integration of people aging with mobility disability to enhance opportunities for active living.
Longitudinal evidence shows that street conditions affect mobility more among persons with mobility disability than those with mild or no physical impairments [82] . Improving street quality could lead to more use of the local neighborhood for utilitarian and recreational activities. This could slow or reverse the disablement process among adults with the greatest risk for disability in outdoor mobility [82] .
Another relevant neighborhood characteristic relates to safety and neighborhood deprivation. Lang et al. [124] conducted a prospective cohort study with a two-year followup and found that older people living in deprived neighborhoods (based on income, employment, education, living environment, health deprivation, and crime) are significantly more likely to experience incident mobility difficulties than those in less-deprived neighborhoods. Persons with disabilities may feel less safe ambulating around their communities due to believing that they are perceived as easier targets for crime. Crime reduction efforts should explicitly focus on improving safety concerns among persons aging with mobility disability.
Beyond neighborhood-level environmental considerations, home environments can either support or hinder mobility [89] . Accessible features allow for people, regardless of functional status, chronological age, or use of mobility devices to have easy access to and use of their home. The home can be an important source of physical activity through the ability to do exercise or activities of daily living and to limit time spent being immobile. Research has examined home modification but more towards preventing injury and falls and increasing functioning and activities of daily living [125] rather than with a view towards promoting physical activity (e.g., by providing exercise equipment).
Some studies have used interventions that combine cognitive behavioral approaches and address the environment. Cognitive-behavioral strategies, finding supportive environmental solutions, exploring motivation postinjury, and capturing new frames of reference were found to help promote physical activity after SCI in a qualitative study [126] . Similarly, the Personalized Exercise Program for predominantly African American women with mobility disabilities and obesity included a focus on individual and cultural preferences for activity, equipment adaptations, and access to community resources and resulted in improved physical activity, reduced weight, and decreased barriers to activity [127] . Such interventions are encouraging that more work is needed to address multiple levels of influence on physical activity (e.g. individual, social-cultural, and built environment) [127] .
With the advent of the Americans with Disabilities Act (ADA), newer construction and retrofitting of older construction can lead to improved mobility in public buildings and spaces but has yet to reach our private homes. The opportunity to use universal design (UD) features in the design of homes as well as communities will be increasingly important as the population ages. UD features are intended to be accessible, attractive, and acceptable to everyone [128] . It will be important for urban planning policies to promote new housing designs and developments that are accessible to all as the population ages and rates of disability increase.
The Environmental Protection Agency (Building Healthy Communities for Active Aging [129] ), World Health Organization (Global Age Friendly Cities [130] ), and AARP (Planning Complete Streets for An Aging America [131] ) sponsor initiatives encouraging communities to be designed for healthy active aging that each touch on issues related to persons aging with disabilities. The Federal Administration on Aging, Evidence-based Disease, and Disability Prevention Program has provided over $23 million since 2003 to support community-based healthy aging programs in 24 states [132] . The programs include physical activity and falls prevention programs. These programs have served over 44,000 seniors and the number benefitting each year has been increasing. Despite the success of these programs, it remains unclear whether they will be sustainable either by creating an adequate business model or by convincing states to commit to long-term funding.
Because states depend on funding from the federal government to support these programs, securing policies that provide investment at the federal level should be a target. Promising policy avenues that could lead to improved federal funding include the emphasis on prevention and wellness in the 2010 Patient Protection and Affordable Care Act. There will be opportunities for grants to provide funding for programs that deliver evidence-based services. As part of healthcare reform, Medicare and Medicaid beneficiaries will be incentivized to complete behavior modification programs. Promoting dissemination of physical activity programs targeting people with disabilities and those that use Medicare and Medicaid should be an important objective for these funds.
There are increasingly more technical assistance opportunities available targeting cross-sector groups related to environmental and policy change for mobility. One such initiative is the Environmental and Policy Change for Healthy Aging [133] (http://agingfriendly.org/), a novel online initiative of on-demand presentations, archived webinars, a clearinghouse for mobility resources, and an active online community. The initiative focuses on the challenges amenable to environmental and policy change, the evidence that supports specific approaches and their outcomes, and promising strategies for practice.
Overall, there are few physical activity interventions from which to draw conclusions on the most effective ways to promote activity among persons aging with mobility disability. It is likely that the best approaches to promoting physical activity will use an intervention framework that incorporates both the physiologic process involved in disability, psychosocial barriers (e.g., self-efficacy), as well as the role of the environment. Several frameworks are available to guide intervention approaches. A widely used model in physical activity and public health research is the ecological model, which promotes intervention at the intrapersonal (biological/psychological), interpersonal/cultural, physical environment, and policy levels of change (i.e., multilevel approaches) [90] . Additionally, Webber et al. [134] created a mobility framework for older adults meant to bridge various disciplines. The model incorporates the seven dimensions of lifespace (e.g., room, home, outdoors, neighborhood), mobility determinants (including cognitive, psychosocial, physical, environmental), and gender, culture, and biographical influences.
There are many models of disability which are also important to consider including the the biopsycho-ecological paradigm [135] , Nagi's disablement model [9] , the International Classification of Functioning [7] , and Verbrugge and Jette's disablement process model [9] . These frameworks all embrace a biopsychosocial view of disability and acknowledge that disability is not only determined by impairments or functional limitations within an individual, but rather an interaction between individuals and contextual factors [7] [8] [9] .
Several relevant frameworks of disability have been reviewed elsewhere [9, 136] .
Regardless of the model used, the built environment appears to be an important barrier to mobility and physical activity in persons with mobility disability. Thus, interventions will need to address built environment influences. Making changes to the built environment, by retrofitting and encouraging policies that use UD for new developments, is a promising approach to helping people stay active as they age with a mobility disability.
Discussion
The population of individuals aging with mobility disability is increasing and current research on physical activity to promote health and reduce secondary conditions is limited. In this review, we provide several recommendations that will help build a research agenda targeting physical activity promotion among persons aging with mobility disabilities (see Table 1 ). Our review, while not systematic, is intended to provide a broad overview and address limitations and barriers of research to date so that future endeavors can further the field of research.
Evidence shows that physical activity levels among persons with mobility disability are lower than the general population though information on subgroups of disability type is lacking. Improved surveillance system assessment of various disability types as well as improved measures of selfreported and objective physical activity assessment will help researchers better understand patterns of physical activity among those aging with mobility disability. Several new technologies can help guide measurement and understanding of physical activity and mobility patterns, including GPS and sensor technology.
Evidence illustrates that even among those with disabilities, physical activity can reduce secondary chronic conditions, reduce pain, and improve physical function [2] . Research on the benefits of physical activity among persons aging with mobility disability has lacked longitudinal studies and examination of important potential health benefits such as cognitive function. Correlates of physical activity among persons aging with mobility disabilities are also understudied. There are no review studies that comprehensively address correlates of physical activity for persons aging with mobility disabilities. Little is known regarding the interaction of gender, ethnicity, socioeconomic status, and mobility disability as people age. Particularly important individual barriers to exercise include pain, fatigue, and depression; the community built environment is an additional barrier. Physical activity interventions will need to target each of these concerns and multilevel approaches should be used.
There are several special concerns for a research agenda targeting persons aging with mobility disabilities that crosscut each of the four areas covered here. One issue is that there is a lack of clear prevalence and trend data on physical activity patterns in this population, making it difficult to fully understand the scope of the problem, identify relevant correlates, and develop effective interventions. Healthy People 2020 contains an objective related to including identification of people with disabilities in datasets [16] . The report notes that only 2 of 26 datasets identified persons with disabilities in Healthy People 2020, and the objective is to double the number of datasets that identify persons with disabilities. Indeed, in datasets from Healthy People 2010, data are not available for persons with disabilities regarding relevant outcomes including television viewing and walking for transportation [22] .
Another problem is that clear physical activity objectives and guidelines are lacking for persons aging with mobility disability. Such specific guidelines can be useful for tracking physical activity patterns and developing intervention targets which could include provider-based recommendations. Due to a lack of research focus on those aging with mobility disability, determining adequate doses and types of physical activity necessary to confer health benefits has not been possible. One promising step forward is that Healthy People 2020 includes a physical activity objective for older adults with reduced physical or cognitive function [16] .
A theme observed in the research described here is that community-based exercise programs targeting persons with various types of mobility disability are lacking. There is evidence that rehabilitation programs may effectively increase physical activity levels among participants, but once the programs end, levels decline. It would be helpful for rehabilitation practitioners to refer their discharged patients to relevant community-based physical activity programs, but these programs are not widely available, with the possible exception of those for persons with arthritis. However, even these empirically validated programs are underused. Research can help improve our understanding of what program characteristics will be effective in promoting physical activity for persons aging with mobility disability. More knowledge is needed regarding preferred settings for doing exercise (e.g., home, general group, or group of persons with the same impairments), modes of exercise (alone or with others), and types of exercise (e.g., walking, chairbased aerobic). Physical activity programs and interventions will need to include safeguards that address the fluctuations in activity due to illness or other setbacks. Other underexamined intervention targets relevant to promoting physically active lifestyles include reducing sedentary behaviors such as television watching.
An additional research difficulty is that physical activity research on people with mobility disability has often been discipline and disease specific [134] . Generally, there is a need to focus away from specific conditions (e.g., amputation) and toward broader categories of impairment (e.g., lower extremity mobility impairment). Larger studies can then be conducted and the population of persons aging with mobility disability can be a growing target for largerscale public health surveillance, prospective studies, and interventions [137] . Many older adults have more than one chronic illness or disability, so disease-specific research is less useful, and often those with comorbid conditions are excluded from research studies. Cutting across conditions would allow research to keep individuals with comorbid conditions in research studies rather than exclude them. In order to prepare for an aging society, we need to learn more Table 1 : Recommendations for research priorities related to promoting physical activity for adults aging with mobility disabilities.
Topic Area Recommendations
(1) Prevalence of physical activity among older populations with mobility disability (i) Define mobility disability and employ standard definition across sectors and research studies. Include specific categories of disability (e.g., mobility disability, sensory disability) in surveillance (ii) Conduct studies on best means for measuring physical activity among persons aging with mobility disability, including objective (pedometers, accelerometers) and subjective measures (iii) Incorporate newer technologies to better understand physical activity patterns among persons aging with mobility disability (Global Positioning Systems; home-based sensors)
(2) Health benefits of physical activity and consequences of sedentary behavior in older adults with mobility disability (i) Conduct research on ways physical activity benefits persons with mobility disabilities as they age, including larger samples, more rigorous methods, and prospective studies (ii) Conduct studies that use the same measurement tools, capture data on frequency, intensity, duration, and modality of exercise so that recommendations for people with mobility disability can be developed (iii) Include understudied health outcomes such as weight status, mental health, and cognitive functioning (iv) Examine the effects of sedentary behaviors among those aging with mobility disability (v) In rehabilitation-oriented, supervised or structured physical activity interventions, include explicit measurement of physical activity among populations with mobility disability (versus assessment of only ability) (3) Correlates and determinants of physical activity participation among older adults with mobility disability (i) Expand studies on the correlates of physical activity participation in this population to include demographic, societal, mental health, and built environment variables (ii) Develop measures of individual, social, and environmental facilitators and barriers of physical activity common among persons aging with mobility disability (iii) Conduct studies that include both specific disability groups (e.g., aging with spinal cord injury) and broader groups with the same activity limitation (e.g., aging with mobility disability) (4) Interventions to promote physical activity in older populations with mobility disability (i) Develop and test interventions that use multilevel approaches (which aim to target individual, interpersonal, and built environment factors) to promote physical activity among persons with mobility disability (ii) Interventions should address symptoms such as pain, depression, and fatigue that are common among persons aging with mobility disability and that are barriers to being physically active (iii) Conduct technology-based interventions (e.g., using Web-based approaches, exergames, feedback from GPS and other technologies) to promote physical activity (iv) Conduct studies assessing the effectiveness of lifestyle-based, lower intensity activity programs that address features of the home design and built environment in conjunction with structured programs (v) Develop community-based physical activity programs for persons aging with mobility disability (vi) Further develop and continue policies and funding at the local, regional, and national level to support evidence-based environmental enhancements and universal design about populations with comorbid chronic conditions and disabilities [138] . The importance of the built environment, both in the neighborhood and the home environment, as a barrier to activity among persons aging with mobility disabilities is clear and needs to be further elucidated and measures of these constructs are needed. Employing ADA standards and UD principles will be important so that an aging society can find acceptable housing and communities that allow them to stay active as they become unable to drive. Healthy People 2020 targets both persons with disabilities and older adults as important populations that need supportive built environments [16] .
In sum, there is a dearth of research on promoting physical activity among persons aging with mobility disability. Due to a population that is aging with more disease and disability [14] , there is a need to better understand preventive health behaviors including physical activity in aging populations with disability. Promoting physically active lifestyles to enhance mobility, even among those with disability, as a preventive and control strategy is imperative. Individuals with disabilities have traditionally been treated by medical professionals in rehabilitation medicine, but with the aging demographic and associated increase in disability, public health approaches will likely be necessary due to cost restraints [2] . Public health research efforts should attempt to learn from rehabilitation research and vice versa, forming a new field of public health rehabilitation. Developing effective physical activity interventions and designing our communities to support active aging for all is vital.
